Introduction
Recent years have seen extensive studies of aluminum substrate composite anodes used in zinc electrowinning, as seen in [1] [2] [3] and reference therein. The Al/α-PbO 2 , Al/β-PbO 2 and Al/Pb-PANI-WC composite anodes are relatively low in cost and anode potential during zinc electrowinning for their coatings and substrate, but the service time of them are not satisfied due to the bindingforce between aluminum substrates and α,β-PbO 2 coating, and higher corrosion rate of Pb-PANI-WC coating during zinc electrowinning. Lead anodes with a silver content of about 0.5%-1% are used in zinc electrowinning. To save silver it's suggested that a Pb-Ag alloy with about 0.45-1%Ag and a thickness of 100-200μm as the active anode surface on a lead anode will suffice. Deposition of Pb-Ag alloys from cyanide-free electrolytes was also investigated. Electrolytes using potassium hexacyanoferrate(П), K4Fe(CN)6, and polyethylenepolyamines as complexing agents were tested [4, 5] . In this communication, we report the preparation, properties and microstructure of Al/Pb-Ag and Al/Pb-Ag-Co anodes with unusual characteristics. Pb-Ag and Pb-Ag-Co coatings have different microstructure and its oxygen evolution potential and energy consumption are lower than conventional Pb-Ag anode.
Experimental details
The electrolytes contained 0. All electrochemical measurements were made with electrochemical workstation (CHI760C) with three electrode systems. A following set-up was used: ZnSO 4 -H 2 SO 4 system, 0.9mol dm -3 Zn 2+ , 1mol dm -3 sulfuric acid and temperature (35 °C). The counter electrode was a platinum plate and the reference electrode was MSE with a potential of E MSE = +0.64 V. The three anodes were used as working electrodes after 24h of anodic polarization. Microstructure characterisation were carried out using a scanning electroscopy (Sirion200SEM, FEI), a 30ke accelerate voltage and 1 minutes collection time.
Result and discussion
Pb-0.8%Ag layer was deposited from a solution containing 1mol dm -3 lead methanesulfonate, 
There y represents Ag content of Pb-Ag coatings and x represents Ag + concentration of electrolyte. The error limit of equation (1) versus the true value of Ag content(m%) of Pb-Ag coatings is ±0.03. Fig.2 presents the anode polarization curves for the Tafel analysis of Pb-0.8%Ag, Al/Pb-0.8%Ag and Al/Pb-0.75%Ag-0.03%Co anodes carried out a zinc sulphate electrolyte. The parameters of oxygen evolution dynamics are listed in Table 1 .
International Fig.2 Tafel analysis of Pb-0.8%Ag, Al/Pb-0.8%Ag and Al/Pb-0.75%Ag-0.03%Co anodes Table 1 The anodic polarization curve for Tafel analysis was corrected by using the following formula [6] :
There a E is the real potential value of OER, appl E is the applied potential, i is the faradaic current, and s R is the uncompensated electrolyte resistance [7] . Fig. 2 shows the iR -corrected
Tafel lines of Pb-0.8%Ag, Al/Pb-0.8%Ag and Al/Pb-0.75%Ag-0.03%Co anodes on stable anodic layers after 24 h of anodic polarization. All lines presented a double-slope behavior. Based on the OER mechanism, the double-slope values and potential intercepts of the two lines were separately analyzed by using Origin software. The over-potential η under specific current was calculated with Tafel based on the following formula [6] : Figs. 4a and 4b , the size of lead crystals on the Al/Pb-0.75%Ag-0.03%Co anode is smaller than that of crystals on the Al/Pb-0.8%Ag anode. The silver on the fruit surface of the Al/Pb-0.75%Ag-0.03%Co anode is bulbiformed, and the silver crystals are attached to the surface of the lead composite coating (Fig.4a) . However, the silver on the fruit surface of the Al/Pb-0.8%Ag anode has an elliptical shape and the silver crystals are covered with lead (Fig.4b) . The different crystal sizes of lead, as well as the shape and existing way of silver, are probably caused by the existence of cobalt in the Pb-0.75%Ag-0.03%Co composite coating.
Conclusions
Al/Pb-0.8%Ag and Al/Pb-0.75%Ag-0.03%Co anodes have obtained by non-cyanide electrodeposition from electrolyte. The results of tafel and time-potential analysis show that Al/Pb-0.8%Ag and Al/Pb-0.75%Ag-0.03%Co anodes have lower anode potential as compared to conventional Pb-0.8%Ag anode for zinc electrowinning. The catalytic processes of Co on the surface of the Al/Pb-0.75%Ag-0.03%Co anode during zinc electrowinning can be described by the following reaction: 
